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GEOLOGY AND GROUND-WATER RESOURCES OF THE 
OWL CREEK AREA, HOT SPRINGS COUNTY, WYOMING

By DELMAR W. BERET and ROBERT T. LJTTLETON

ABSTRACT

About 250 square miles is included in the project area, which consists of 
relatively broad valleys and flat terraces grading into rugged folded and faulted 
uplands. The project area lies at the southern end of the Bighorn structural 
basin. The climate is semiarid; the normal annual precipitation is about 13 
inches.

The exposed rocks range in age from Pennsylvanian to Recent; the younger 
deposits are exposed in and along the valleys, the older deposits in the uplands 
adjacent to the valleys. The alluvium and terrace deposits yield water to domes 
tic and stock wells throughout the area and locally yield moderate to large 
quantities of water for irrigation. Large quantities of ground water can be 
obtained for only a short time, however, because recharge is not sufficient to sus 
tain large yields for long periods. Some of the older formations that underlie 
the area (Madison limestone and Tensleep sandstone) yield large supplies of 
water to artesian springs. Other formations (the Cloverly and the Frontier 
formations and the Cody shale) can yield water under artesian pressure to 
domestic and stock wells.

The depth to the water table ranges from only a few feet in the river flood plain 
to about 70 feet at the margins of the valleys. The water in the terrace and 
alluvial deposits moves generally eastward toward the Bighorn River.

The ground-water reservoir is recharged principally by precipitation that falls 
either on the area or on adjacent areas and by percolation from irrigation water 
and streams. Ground water is discharged principally by evaporation and trang- 
piration, by seepage into streams, and through springs and wells.

Most of the wells in the Owl Creek area were drilled, but some were dug and 
a few were bored or driven. Only eight wells in the area are used for irrigation. 
The yield of the irrigation wells ranges from about 50 to about 500 gallons per 
minute. Ground water for irrigation can be developed most practicably from 
the alluvium in the part of the valley that extends from the west side of Rose 
Dome to the vicinity of sec. 10, T. 43., R. 99 W., and from the terrace deposits 
north of Owl Creek in the central part of the area. The total amount of water 
that can be pumped from these aquifers is relatively small and depends on the 
amount of seepage from irrigation water applied to the land.

The relatively few data obtained during this investigation indicate that ground 
water from the principal aquifers in the Owl Creek area the Chugwater and 
Frontier formations, the Cody shale, and the unconsolidated deposits is of poor 
chemical quality; all the ground water is highly mineralized, and that from the 
unconsolidated deposits is very hard. The water is unsuitable for irrigation and
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is objectionable for domestic use because of large amounts of dissolved solids 
(more than 2,000 parts per million), mostly sodium sulfate. However, some 
water from unconsolidated deposits might be classified as safe for supplemental 
irrigation if applied under carefully controlled conditions. Conversely, the sur 
face water, especially in the upstream part of the area, is of generally good 
quality for irrigation, although at some times and in some places it is unsuitable.

INTRODUCTION

PURPOSE AND SCOPE

An investigation of the geology and ground-water resources of the 
Owl Creek valley and vicinity in Hot Springs County, Wyo., was be 
gun in April 1946 by the U.S. Geological Survey as part of the pro 
gram of studies undertaken by the Department of the Interior for 
the control, conservation, development, and use of the water resources 
of the Missouri River basin. In 1955, by cooperative agreement be 
tween the Wyoming Natural Resource Board and the U.S. Geological 
Survey, the studies of the Owl Creek valley were expanded to include 
a more detailed investigation of the geology and hydrology of the 
area. This investigation was made to determine the origin, move 
ment, availability, and chemical quality of ground water for domestic, 
stock, irrigation, industrial, and municipal uses.

So little precipitation falls on the area that agriculture is restricted 
to localities where water for irrigation is available. Because stream- 
flow varies greatly, both seasonally and annually, deficiencies of 
irrigation water occur from time to time. Supplemental water sup 
plies, such as ground water, are needed because of these frequent 
surface-water shortages.

The studies were made under the immediate supervision of H. M. 
Babcock, district engineer of the Ground Water Branch of the Geo 
logical Survey for Wyoming. The quality-of-water investigations 
were made under the immediate supervision of P. C. Benedict, re 
gional engineer, Quality of Water Branch.

LOCATION AND EXTENT OF AREA

The Owl Creek valley, in Hot Springs County, north-central Wyo 
ming (figs. 1, 2), is at the southern end of the Bighorn structural 
basin. The area described in this report is about 36 miles long and 
about 7 miles wide; it includes the valley of Owl Creek, parts of the 
valleys of its two principal tributaries, a part of the Bighorn River 
valley near the confluence of the two streams, and the adjacent up 
lands. About 17,000 acres of the area is being considered for irriga 
tion with water from the Anchor Reservoir, proposed to be built on the 
South Fork of Owl Creek. The geologic map (pi. 1) includes the



45"

41°

111" 110= 109° 
0 L 

___] Published or open-file report ____

FIGURE 1. Map showing area of this report and other areas of Wyoming for which 
ground-water reports have been published or are in preparation.

Report in preparation

north flank of the Owl Creek Mountains, where the structural features 
and stratigraphy were such as to indicate the possible occurrence of 
artesian water in the formations underlying the area.

The report area lies within two systems of land subdivision (pL 1). 
The southwestern part of the area was surveyed from the Wind River 
meridian and base line and lies within Tps. 8 and 9 N., Ks. 1W to 4 E.; 
the remainder of the area was surveyed from the sixth principal meri 
dian and base line and lies within Tps. 43 and 44 N., Es. 94 to 100 W. 
The boundary between the two systems lies along Owl Creek and its 
South Fork.

PREVIOUS INVESTIGATION

Most previous studies of this region have not been concerned prin 
cipally with the valley of Owl Creek, although several have covered 
areas that included the valley. Fisher (1906) described the geology 
and water resources of the Bighorn Basin, which includes the report 
area, and Darton (1906) prepared a report on the geology of the Owl 
Creek Mountains, including the Owl Creek valley. Anticlines in the 
southern part of the Bighorn Basin were described by Hewett and 
Lupton (1917). A geologic map of the Bighorn Basin was compiled
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FIGURE 2. Map of Bighorn Basin and part of Wind Hirer Basin, Wyo., showing location
of Owl Creek area.

by Andrews, Pierce, and Eargle (1947) from published and unpub 
lished field data obtained by themselves and others, including Stippe 
and Heppe (1951). This map includes the Owl Creek area but is not 
as detailed as the geologic map (pi. 1) of the present report. Zapp 
(1956) prepared a structure contour map of the Tensleep sandstone 
in the Bighorn Basin. Detailed land classification, irrigation studies,
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and damsite investigations have been made in the Owl Creek area by 
the U.S. Bureau of Reclamation (1950).

METHODS OF INVESTIGATION

The fieldwork upon which this report is based was done from April 
to August 1946 and during June and July 1955. Records of 107 wells 
were obtained during the investigation. The depths of some of the 
wells and the water levels in most of them were measured with a steel 
tape from the top of the casing or some other fixed point. The reported 
depths of wells, the water levels in them, and other information were 
obtained from well owners, tenants, and drillers. Data on the charac 
ter and thickness of water-bearing materials, on the yield and draw 
down of wells, and on the quality of the water also were obtained. 
Nineteen test holes were put down. Acquifer tests were made to deter 
mine the specific capacities of three wells penetrating the terrace 
deposits and to determine the coefficients of transmissibility and per 
meability of the deposits.

Samples of water were collected from 12 wells and at 6 places from 
Owl Creek and its principal tributaries. The samples were analyzed 
in the Quality of Water laboratory of the U.S. Geological Survey, 
Lincoln, Nebr., by methods generally used by the Geological Survey 
(Am. Public Health Assoc., 1946).

Geologic mapping to supplement that of previous investigators was 
done on aerial photographs. The data were then transferred by use 
of a vertical sketchmaster to a base map adapted from township plats 
prepared by the U.S. Bureau of Land Management and from aerial 
photographs. Other data were recorded on the base map hi the field.

W. P. Fulton of the Surface Water Branch made periodic measure 
ments of water levels in observation wells and made streamflow meas 
urements on the South Fork of Owl Creek to determine the seepage 
loss from the stream channel.

The wells shown on plate 1 were located with an automobile odome 
ter and by inspection of aerial photographs; the locations are believed 
to be accurate to within 0.1 mile. They are numbered serially and 
arranged by townships and ranges in ascending order; thus well 1 is 
in T. 8 N., R. 2 E. Within a township the wells are listed in the order 
of the sections.

ACKNOWLEDGMENTS

Many residents supplied data on materials penetrated in the drilling 
of wells and test holes, the depth of wells, and other useful informa 
tion. T. F. Stipp, U.S. Geological Survey, made available unpub 
lished data that he collected on the geology of the western part of the 
Owl Creek valley; D. H. Eargle furnished unpublished geologic 
data on the whole area.
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GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

The Owl Creek valley is at the southern end of the Bighorn struc 
tural basin (fig. 2), which is in the Middle Eocky Mountains physio 
graphic province. The valley lies along the north side of the Owl 
Creek Mountains. It is bordered on the north by steep escarpments 
sculptured in soft Cretaceous rocks, on the west by the Absaroka 
Mountains, and on the east by the Bighorn River. The altitude of 
the area studied ranges from 6,500 feet on the Embar anticline (pi. 1) 
to 4,350 feet where Owl Creek joins the Bighorn Eiver. The North 
and South Forks of Owl Creek rise in the Absaroka Mountains and 
flow eastward along the north side of the Owl Creek Mountains. The 
forks join in sec. 2, T. 43 N., R. 98 W., to form Owl Creek, which flows 
eastward to its confluence with the Bighorn River. The principal 
tributaries to Owl Creek that drain the southern part of the area along 
the north flank of the Owl Creek Mountains are Red Creek, which is a 
perennial stream, and Cottonwood Creek and the North Fork of Mud 
Creek, which are intermittent streams. The only drainage of the 
northern part of the area is through a few small draws and gullies.

CLIMATE

Hie climate of the Owl Creek area is semiarid and is characterized 
by large deviations from the normal precipitation. Although the area 
is well protected to the west and south by the Absaroka and Owl Creek 
Mountains, respectively, a wide variation in atmospheric conditions 
results in the localization of storms. Records of the U.S. Weather 
Bureau station at Thermopolis are incomplete but give a general indi 
cation of the climate of the valley (fig. 3). The station at Thermopolis 
(altitude 4,336 feet) is in a small, protected basin on the Bighorn 
River about 6 miles south of the east end of Owl Creek valley.

The normal annual precipitation at Thermopolis, computed in 1952, 
is 12.78 inches, and the average temperature for 1955 was 43.9° F, 
which was 1.5° F below normal. The length of the growing season 
in the valley ranges from about 109 to about 126 days.

DEVELOPMENT

The Owl Creek valley is in the central part of a livestock-grazing 
region, and the economy of the area is based primarily on the pro 
duction of livestock. According to statistics compiled by the U.S. 
Bureau of Reclamation (1950, p. 63), the livestock raised in the area 
are principally sheep and range and dairy cattle. A few farmers 
fatten hogs for sale outside the area, but poultry and hogs are raised 
largely for local consumption. To support the livestock, more than 
90 percent of the farmed area is used to raise grain and hay. Some 
row crops, chiefly sugar beets and potatoes, are grown at the lower
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FIGURB 3. Precipitation for period of record at Thermopolis, Wyo.

end of the valley. Because successful crop production is totally de 
pendent on irrigation, the economy of the valley fluctuates with the 
availability of water for irrigation. There are large variations in the 
quantity of the natural flow of surface water available for irrigation; 
thus, development of additional water is needed to supplement the 
natural flow of surface water for irrigation. Storing surface water 
during periods when runoff exceeds demands and developing ground 
water of acceptable quality would improve the overall economy of the 
area, if provisions were made also for adequate drainage of the ir 
rigated land.

Although the economy of the area is dependent primarily on agri 
culture and ranching, it is supplemented to a small extent by pe 
troleum production and mining. Petroleum production in the area 
is small; however, adjacent areas produce considerable quantities of 
petroleum products, and exploration is continuing within the project 
area.* Sulfur deposits within the Owl Creek area have been mined 
intermittently on a commercial basis; however, they were not being 
mined during the period of this investigation.

The Owl Creek area is served by a main line of the Chicago, Burl 
ington, and Quincy Railroad, which passes through Thermopolis and 
the eastern part of the area. One Federal and two State highways 
serve the area. U.S. Highway 20 extends north and south through 
Thermopolis. State Route 116 extends about 25 miles westward from 
Thermopolis parallel to Owl Creek; State Route 120 passes north 
westward through the eastern part of the area and connects 
Thermopolis with Cody.
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PHYSIOGRAPHY

The physiography of the Owl Creek area is closely related to the 
structure and lithology of the exposed sedimentary rocks. The most 
striking physiographic feature in the area is the Owl Creek Moun 
tains. Darton (1906, p. 26) described the Owl Creek Mountains as 
"an anticline or arch of the crust of the earth, which in the highest 
portion of the uplift has risen to 10,000 feet." Structurally, the 
mountains are a compound anticline, the north limb of which dips to 
the north-northeast. This dip slope is modified locally by smaller 
anticlinal, domal, and synclinal folds that were developed after the 
principal uplift of the mountains. The strike of the beds exposed on 
the north slope is generally west-northwest but deviates locally. The 
attitude of the strata ranges from horizontal to vertical, and in some 
places the beds are overturned. The north flank of the mountains is 
moderately dissected by small intermittent streams.

Agriculturally, the most important physiographic feature of the 
area is the valley occupied by Owl Creek and its main tributaries. 
The valley is broad where it traverses soft shale and narrow where it 
traverses more resistant rocks. The shape of the valley, a result of 
lateral planation by the streams in soft shale (principally the Cody 
shale), is such that the agricultural development has occurred in three 
rather distinct areas. The lower or Lucerne area is 0.5 to 3 miles wide; 
it parallels the Bighorn Kiver and extends about 5 miles up Owl Creek. 
The middle area extends about 12 miles below the confluence of the 
North and South Forks of Owl Creek and ranges in width from 1 to 
5 miles. The upper area extends along the South Fork upstream from 
the confluence of the North and South Forks; it is about 6 miles long 
and about 2 miles wide. Most of the irrigated land in the Owl Creek 
valley is in these three areas.

Smooth gently sloping terraces underlain by deposits of sand and 
gravel are present at some places within the main valley, chiefly on 
the north side of the present stream channel. These terraces were the 
flood plain of Owl Creek during early Quaternary time, before an 
increase of stream gradient caused the stream channels to shift and cut 
to their present levels. The sand and gravel underlying the terraces 
was derived chiefly from the upper reaches of the Owl Creek valley.

As the main drainage system developed, alluvial fans and pediments 
formed. (The alluvial fans and the veneer of colluvium on pediments 
are shown on plate 1 as slope deposits.) The alluvial fans are present 
at the mouths of several drywash tributaries of Owl Creek and are 
present in small areas on both sides of the creek. The pediments rise 
northward toward the southward-facing escarpments or southward 
toward the Owl Creek Mountains and generally are mantled by 
colluvium.
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GEOLOGY

STRATIGRAPHIC SUMMARY

Most rocks that crop out in the Owl Creek area are of sedimentary 
origin, but some are igneous. The exposed sedimentary rocks range 
in age from Pennsylvanian to Quaternary; the igneous rocks are Ter 
tiary. The outcrop areas of the formations are shown on plate 1. 
The oldest rocks exposed in the area are the Tensleep sandstone (Penn 
sylvanian), Phosphoria formation (Permian), Dinwoody and Chug- 
water formations (Triassic), and Sundance and Morrison formations 
(Jurassic). The Cretaceous deposits are the Cleverly formation, 
Thermopolis and Mowry shales, undifferentiated, Frontier formation, 
Cody shale, and Mesaverde formation. Tertiary rocks include the 
sedimentary Willwood formation and volcanic tuff and breccia. Hocks 
of Quaternary age include terrace deposits, slope deposits (alluvial 
fans and colluvium on pediments), and alluvium.

A generalized section of the geologic formations exposed at the sur 
face and penetrated in the subsurface in the Owl Creek area is given 
in table 1.

GEOLOGIC HISTORY

The Owl Creek area is underlain by a thick section of sedimentary 
rocks, principally limestone, shale, and sandstone, which are overlain 
by a thin mantle of unconsolidated deposits silt, sand, and gravel. 
Studies of well cuttings and outcrops have revealed much of the geo 
logic history of the area. The following discussion of the geologic his 
tory is adapted in part from Thomas (1949).

PROTEROZOIC ERA

Precambrian rocks in Wyoming are exposed in the cores of most 
of the mountain ranges. The oldest known rocks began as great thick 
nesses of sediments deposited on an unknown foundation. After the 
rocks became consolidated they were folded and metamorphosed, and 
then they were invaded by batholiths that were mostly granitic. How 
ever, intrusive igneous rocks of many other types were formed. After 
this long Precambrian history of deposition of sediments, uplift, fold 
ing and regional metaporphism, and igneous intrusion, the region 
that now includes Wyoming was subjected to erosion, the old moun 
tains were worn away, and by Cambrian time the region was reduced! 
to a peneplain.

PALEOZOIC ERA

The Owl Creek area probably was being eroded at the beginning of 
the Paleozoic era; according to the available evidence the Early Cam 
brian sea was restricted to the Cordilleran trough west of Wyoming. 
Expanding eastward, this sea reached the western border of Wyoming
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early in Middle Cambrian time and continued to advance eastward 
throughout that epoch. The Middle Cambrian rocks in the Owl Creek 
area are the Flathead quartzite and the Gros Ventre formation. The 
Flathead is a transgressive sandstotie facies that becomes younger 
eastward. Continued expansion of the sea took place during Late 
Cambrian time, and sediments showing a gradation from near-shore 
sandstone (locally the Deadwood formation) to offshore limestone 
(the Gallatin limestone) were deposited. Some of these latest Cam 
brian rocks may have been removed by pre-Ordovician erosion during 
a period of emergence at the end of the Cambrian period. Emergent 
conditions continued until late in Ordovician time, when the northern 
and western parts of the region were submerged; during this sub 
mergence, the Bighorn dolomite was deposited in the Owl Creek area. 
The Wyoming area was emergent again at the end of Ordovician 
time, and it remained above the sea until late in Devonian time, when 
a sea again advanced from the west submerging only the northwestern 
and western parts of what is now Wyoming. Thus, no sediments of 
Silurian or Devonian age were deposited in the Owl Creek area.

Widespread submergence characterized Early Mississippian time, 
and large quantities of carbonate material were deposited to form the 
Madison limestone. Uplift at the end of Early Mississippian time 
resulted in the restriction of the Mississippian sea to the geosynclinal 
region west of Wyoming, and the Owl Creek area was eroded through 
out the remainder of the period. During Early Pennsylvanian time 
the sea again advanced, and shaly, limy, and sandy sediments were 
deposited to form the Amsden formation and the Tensleep sandstone 
in the Owl Creek area. The sea then retreated eastward, the area being 
emergent during later Pennsylvanian and early Permian time.

In middle Permian time, an arctic sea expanded from the north over 
Wyoming and in it were laid down the limy sediments of the Phos- 
phoria formation. After a period of instability during which the sea 
retreated and advanced several times and the sediments of the red-bed 
and limestone facies were deposited locally, the sea withdrew from 
Wyoming in late Permian time and the area was again emergent.

MESOZOIC ERA

Early in Triassic time a sea reached southeastern Idaho and later 
spread eastward into Wyoming and the Owl Creek area. The initial 
deposits in this sea were the tawny siltstone and shale of the Din- 
woody formation. After the Dinwoody was deposited, the area was 
one of shallow basins and extensive mud flats and of arid climate, and 
the red shale, siltstone, and sandstone of the Chugwater formation 
were laid down. Marine conditions existed again over much of Wyo-
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ming during latest Chugwater time; during this time the Alcova lime 
stone member of the Chugwater was deposited in the western part of 
the Owl Creek area. The area was emergent again from Late Triassic 
until Late Jurassic time.

Sediments accumulated under continental conditons during Early 
Jurassic time. An arctic sea then spread southward and covered Wyo 
ming early in Late Jurassic time. During this submergence the lime 
stone, sandstone, and shale of the Sundance formation were deposited 
in the Owl Creek area. Marine conditions terminated at the end of 
Sundance time, and the variegated continental shale of the Morrison 
formation was deposited.

At the beginning of Cretaceous time the Owl Creek area was a land 
surface. The Cretaceous sea then began to expand westward, and as 
it advanced over the area the near-shore silt and sand deposits of the 
Cleverly formation were laid down. The sea continued to advance, 
and during most of Cretaceous time a complicated series of several 
thousand feet of marine clay and sand were deposited to form the 
Thermopolis and Mowry shales, the Frontier formation, and the Cody 
shale. The sea began to retreat during Late Cretaceous time, and in 
its wake the clastic continental rocks of the Mesaverde formation 
were laid down. Minor oscillations of the sea during the major trans 
gression and regression of the Cretaceous sea caused the abrupt 
changes in lithology characteristic of Cretaceous rocks in this area. 
The Cretaceous period ended with complete withdrawal of the sea 
and with the extensive mountain making of the Laramide revolution. 
During this and early Tertiary time, the ancestral Bighorn Kiver 
basin and adjacent folded structures were formed, and the Owl Creek 
Mountains attained approximately their present form.

CBNOZOIC ERA

During Paleocene time the Owl Creek area was uplifted and then, 
being topographically high, was eroded by streams. During Eocene 
time and possibly during Oligocene time, sediments completely filled 
the Bighorn Basin and covered the Owl Creek Mountains. Eocene 
igneous activity was centered in the Yellowstone Park area to the west 
and caused the accumulation of volcanic tuff and breccia in the area. 
In late Tertiary time, owing either to uplift or to climatic change in 
the Owl Creek area, active aggradation in the Bighorn River basin 
ceased and active degradation began. Erosion has been the dominant 
geologic process in the region since that time. The removal of most 
of the Tertiary sediments again exposed the more erosion-resistant 
mountain ranges and adjacent structures that had been buried. The 
Bighorn River was superimposed on the area from its position on the

55349.1 «1   2
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Tertiary sediments to form the deep Wind River Canyon in the Owl 
Creek Mountains. Minor interruptions in the last long cycle of 
erosion are reflected by the present topography of the basin. Streams 
flowing from the flanks of the mountains became entrenched; when 
the streams reached a temporary base level, they meandered from side 
to side and both widened and leveled their valley floors. As the 
valleys were widened and leveled, the streams deposited the gravel 
which now underlies the surface of the terraces. Downcutting and 
subsequent valley widening resulted in the development of the terraces 
and the present flood plain of Owl Creek and its tributaries. Con 
current with the action of the streams, direct erosion by precipitation 
has produced extensive badlands and, by contributing to escarpment 
retreat, has been an important factor in the formation of pediments 
at the base of escarpments. Wind has been an active agent of erosion 
in local areas.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES

Sedimentary rocks of Pennsylvanian to Recent age are exposed in 
the Owl Creek area. Formations older than the Tensleep sandstone 
of Pennsylvanian age do not crop out in the report area, but they 
have been penetrated in the subsurface during oil exploration. Al 
though most of the formations that underlie the area may yield some 
water, only the most important aquifers are discussed in the following 
paragraphs. Table 1 summarizes the thickness, character of material, 
and water supply for each of the formations that either crop out or 
are known to be present in the subsurface within the report area.

MADISON LIMESTONE

In the Owl Creek area the Madison limestone, of Mississippian age, 
consists principally of limestone and dolomitic limestone. It does 
not crop out in the report area, but is exposed in the Wind River 
Canyon a few miles south of Thermopolis and in the Owl Creek 
Mountains on both sides of the canyon. The exposed limestone is 
generally massive, but in places it is cavernous or brecciated, or both. 
The lower part of the formation grades from a locally fossiliferous 
gray to brown oolitic limestone and crystalline dolomite into finely 
crystalline limestone and dolomite. In some places the basal beds are 
sandstone and shale. The lower part of the Madison generally is of 
lighter color than the middle and upper parts. The middle part of 
the formation is mostly massive limestone and dolomite and can be 
identified by its characteristic bluish-gray color. It generally con 
tains a breccia zone which is underlain by a gray to tan cherty crystal 
line dolomite and limestone. The upper part of the Madison is com 
posed of fossiliferous thin-bedded limestone and dolomite that locally
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contains lenses of sandstone and shale. In many places outcrops of 
the upper part are obscured by talus or slope deposits.

Data obtained from oil-well logs and deep test holes indicate that 
the formation is present in the subsurface throughout the report area, 
the thickness ranging from 465 to 480 feet. The Madison limestone 
is overlain by the Amsden formation and is underlain by the Bighorn 
dolomite.

Wells penetrating the Madison yield water under artesian pressure 
which is sufficient to cause the water to flow at the land surface in 
many places. The temperature of the water has been reported to be 
as much as 145 °F, probably indicating that the water passes near a 
hot igneous intrusion. Large quantities of water issue from hot 
springs at Thermopolis. The water probably is derived principally 
from the Madison limestone.

TENSLEEP SANDSTONE

Most of the Tensleep sandstone, of Pennsylvanian age, is tan, buff, 
gray, and white fine- to medium-grained crossbedded sandstone. Pink 
sandstone, dolomite, limestone, some shale, and anhydrite are present 
locally within the formation. The quartz grains that make up the 
sandstone are fairly well sorted, subangular to subrounded, and 
frosted to translucent. The sandstone is generally porous and friable, 
though locally hard. The crystalline limestone and dolomitic lime 
stone, which in places are interbedded with the massive sandstone, 
contain minor amounts of gray chert. Locally the contact between 
the limestone and sandstone is gradational.

The Tensleep sandstone is exposed only in the southwestern part 
of the Owl Creek area. The formation crops out in narrow bands 
along the Anchor and Embar anticlines; however, it undoubtedly un 
derlies the remainder of the area. Sediments penetrated in deep oil- 
well tests indicate that the thickness of the formation ranges from 
350 to 375 feet.

Water can be obtained from the Tensleep sandstone but the amount 
will differ from place to place, depending on the degree of cementa 
tion of the sandstone or the extent to which it is fractured. Within 
the report area, water from the Tensleep sandstone is under artesian 
pressure, and locally it may flow at the land surface.

CXOVEIKLY FORMATION

The Cleverly formation, of Cretaceous age, is composed of three 
distinct units, a lower sandstone, a middle shale, and an upper silt 
and sandstone. The lower unit is predominantly buff to gray sand 
stone and shaly sandstone, locally conglomeratic. The middle unit 
consists of medium- to drak-gray to reddish shale containing some
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plant fossils or imprints and locally containing some lenses of sand 
stone. The upper unit consists mostly of fine- to coarse-grained 
brown, buff, and grayish-brown dense sandstone, in part quartzitic, 
composed of subangular to subrounded quartz grains. The sand 
stone is locally overlain by a bed of siltstone. Because of its char 
acteristic iron-stained appearance, the upper unit is frequently called 
the "rusty beds."

The Cleverly formation crops out along the flanks of the major 
structural domes and anticlines in the area.* The formation dips 
sharply away from the uplifts and lies at considerable depth below 
the land surface elsewhere in the report area. The beds are nearly 
vertical on the steep sides of the anticlines, so that at these localities 
the Cloverly formation forms only a narrow band. The thickness 
of the formation ranges from 0 to about 240 feet.

The formation is known to contain water under artesian pressure 
on the flanks of the Owl Creek anticline, and it is probable that wells 
penetrating the formation downdip from the areas of outcrop also 
will yield water under artesian pressure. It is doubtful, however, 
that the yield would be more than enough for domestic and stock uses.

FRONTIER FORMATION

Most of the Frontier formation, of Cretaceous age, is composed of 
gray to gray-brown very fine to fine-grained sandstone interbedded 
with medium- to dark-gray sandy and bentonitic shale. Clayey sand 
stone, some of it bentonitic, is present sporadically throughout the 
formation. Locally, bentonite beds and thin beds or lenses of lignite 
separate the sandstone and shale beds.

The Frontier formation crops out on the north flank of the Owl 
Creek Mountains and along the flanks of domes and anticlinal struc 
tures in the report area. It overlies the Mowry shale and underlies 
the Cody shale. The Frontier has been eroded away along the crest of 
anticlines, but it attains a thickness of about 800 feet in the sub 
surface.

Water can be obtained from the Frontier formation in quantities 
sufficient only for domestic and stock use, as the sandstone is compact 
and the pores are small. The water is generally under artesian pres 
sure, and locally it may flow at the land surface.

CODY STTAT.TS

Most of the Cody shale, of Cretaceous age, in the Owl Creek area is 
composed of gray to black marine shale, but it contains thin limy sand 
stone beds in its upper part. Gray calcareous shale and a few thin 
bentonite lenses are present within the formation. The material 
weathers to grayish brown, chalky brown, and yellow. Throughout
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the area, the deposits are sandier toward the top of the formation, and 
where the Mesaverde formation is present they grade upward into the 
sandstone of that formation.

The Cody shale is exposed almost continuously along the north side 
of Owl Creek and in a few places along the flanks of the uplifts on 
the south side. Erosion following the uplift that formed the Owl 
Creek Mountains removed most of the Cody from the north flank 
of the mountains along the south side of Owl Creek. The Cody rests 
conformably on the ftontier formation, is overlain conformably by 
the Mesaverde formation, and is the bedrock beneath most of the 
central part of the Owl Creek valley. The Cody attains a thickness 
of 2,500 feet in the area.

Water for domestic and stock use is obtained from sandstone beds in 
the upper part of the Cody shale. Only small quantities of water can 
be obtained from the remainder of the formation because the permea 
bility is low. Larger quantities of water can be obtained from frac 
ture zones in even the fine-grained parts of the formation, but these are 
difficult to locate. The water from the Cody shale generally is under 
artesian pressure, but the pressure is not sufficient to cause the water 
to flow at the land surface in the area.

TERRACE DEPOSITS

The terrace deposits, of Quaternary age, consist mainly of gravel, 
sand, and silt, but pebbles and cobbles are present locally within the 
formation. As shown on plate 1 they do not include the first terrace 
above the present flood plains. The materials are well sorted, except 
locally where they are covered by or mixed with fine-grained slope 
deposits. In places there are deposits of caliche (calcium carbonate) 
3 to 5 feet below the land surface. The presence of these evaporite 
deposits shows that the downward movement of water is locally re 
tarded by fine-grained material within the terrace deposits.

The terrace deposits shown on plat© 1 are 30 to 50 feet above Owl 
Creek. They are most conspicuous on the north side of Owl Creek 
but are present sporadically along both forks of the creek. Most of 
the deposits are relatively thin, but locally they are as much as 40 
feet thick.

Water for domestic, stock, and some irrigation use is obtained from 
the terrace deposits. Moderate to large quantities of water can be 
pumped for short periods from wells in the terrace deposits, but pro 
longed pumping can be expected to deplete the supply of ground 
water because in most places the aquifer is thin and recharge is not 
sufficient to meet the demand. Ground water from the terrace deposits 
generally must be considered a supplemental rather than a principal 
supply for irrigation.
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ALLUVIUM

The alluvium, of Quaternary age, that underlies the flood plains of 
the principal streams consists of clay, silt, sand, and gravel. The 
alluvial deposits at the upper end of the Owl Creek drainage system 
consist primarily of pebbles, cobbles, and boulders. Downstream, par 
ticularly in the irrigated areas, these coarser materials have been 
covered by and mixed with silt and clay that have been washed in from 
the valley sides. The texture of the alluvium in the valleys of tribu 
tary streams ranges from fine to coarse, depftiding on the character 
of the parent bedrock.

The alluvium along the major streams and tributaries, as shown on 
plate 1, includes the lower terrace, which is about 15 to 25 feet above 
the streams. Data obtained from well drillers and owners indicate 
that the thickness of the alluvium ranges from a featheredge to as 
much as 38 feet. The average thickness is probably about 20 feet.

Sufficient water for domestic and stock use can be obtained from the 
alluvium, but the water is used mainly for stock. Although tests 
have not been made of the water-bearing characteristics of the allu 
vium, the authors believe that, locally, where coarse materials occur, 
moderate quantities of irrigation water could be pumped. Except 
near perennial stretches of the streams, however, recharge is small 
and thus will limit the total quantity of water that could be pumped 
from the alluvium.

GROUND WATER

PEINCIPLES OF OCCUBBENCE

The following discussion of the occurrence of ground water is 
adapted in large part from Meinzer (1923, p. 2-102), and the reader 
is referred to his report for a more detailed discussion of the subject.

All water beneath the surface of the earth is termed "subsurface 
water." The part of the subsurface water in the zone of saturation 
is termed "ground water" or, sometimes, "phreatic water," whereas 
subsurface water above the zone of saturation that is, in the zone of 
aeration is called "suspended subsurface water," or "vadose water." 
Vadose water is not available to wells or springs. It occurs in three 
zones, from the surface down (a) the zone of soil moisture, (b) the 
intermediate vadose zone, and (c) the capillary fringe. Water in the 
capillary fringe is held up from the water table by capillarity; it will 
not flow into a well, even though the material in the lower part of the 
fringe commonly is saturated. Ground water is available to wells 
and springs.

The rocks that form the outer crust of the earth are seldom totally 
solid but have numerous open spaces, called voids or interstices, which 
may contain air, natural gas, oil, or water. The interstices in rocks 
range from microscopic openings to the large caverns that are found
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in some limestone and volcanic rocks. Because the open spaces are 
generally connected, water may percolate from one to another, al 
though in some rocks the interstices are isolated and the water has 
little or no chance to move. The occurrence of water in the rocks of 
any region is determined by the character, distribution, and structure 
of the rocks that is, by the geological character of the region. All 
the rocks penetrated by wells in the Owl Creek area are sedimentary, 
but they include several types that differ greatly in lithologic charac 
ter and in their ability to store and transmit water. The chief types 
of sedimentary rocks in the area are sand, gravel, sandstone, shale, 
and limestone.

The valleys of Owl Creek and its tributaries are underlain by al 
luvium consisting predominantly of sand, gravel, silt, and clay. Some 
of the beds contain well-sorted sand and gravel having a moderately 
uniform texture and a relatively high specific yield and permeability. 
Wells in this type of material yield adequate quantities of water to 
domestic and stock wells, and locally yield sufficient water for small- 
scale irrigation. Some of the alluvium and terrace deposits are thin 
and poorly sorted and contain silt and clay which tend to fill the pore 
spaces and reduce the permeability. Wells in this type of material 
yield only small quantities of water.

Most of the sandstone beds in the bedrock formations underlying 
the Owl Creek area are fine grained and have a relatively low perme 
ability, owing to the adhesion of the water to the walls of the very 
small pore spaces, and to the absence of numerous or large fractures. 
In those sandstones in which the grains are held together by cement 
ing material, the pore spaces are partly or mostly filled with the ce 
ment and little space is left for the movement of ground water. How 
ever, some saturated sandstone is uniformly grained and poorly ce 
mented and will yield moderate supplies of water to properly con 
structed wells. The principal sandstone aquifers in the area are in 
the Tensleep sandstone, Cloverly formation, Frontier formation, and 
upper part of the Cody shale.

Shale is formed by the induration of clay or by mixture of sedi 
ments high in clay; it generally has a very low permeability. At some 
places, firm shale may have sufficient open joints and bedding planes 
to yield useful quantities of water to wells. At other places the shale 
may contain sufficient sand beds or lenses to make it moderately per 
meable. Many of the formations in the report area contain shale 
beds, but only those that are fractured or contain beds or lenses of 
sandstone are sufficiently permeable to yield water to wells.

The impermeability of shale is of value in some localities within 
the Owl Creek area. Shale overlies many of the sandstone beds; thus, 
water that enters the sandstone and passes beneath the shale is con-
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fined under artesian pressure and will rise in wells above the level at 
which it is tapped. The artesian pressure in some beds is sufficient to 
cause the water in wells to flow at the land surface throughout much 
of the area.

The limestone in the Owl Creek area is massive to thinly bedded; 
because some of it is dense and some has many openings or cavities, 
the limestone has a wide range in permeability. The large openings 
in the Madison limestone can be expected to yield large quantities of 
water to wells.

In many places in the Owl Creek area there is more or less con 
tinuous movement of water from one aquifer to another. It may 
move betweeen confined and unconfined aquifers (from bedrock to 
alluvium, for example), between different unconfined aquifers (from 
terrace deposits to alluvium), or between different confined aquifers. 
The movement of ground water from one aquifer to another is gov 
erned by the difference in pressure head or level of the water in the 
aquifers, the relative permeability of the aquifers, and the perme 
ability of the confining beds or aquicludes. The movement probably 
is small except in localities where the different aquifers are in direct 
contact. However, this interchange of water does not represent a net 
addition to or withdrawal from the total ground-water supply of the 
area.

HYDROLOGIC PROPERTIES OF WATER-BEARING MATERIALS

The hydrologic properties of water-bearing materials that are of 
primary concern in developing wells are their coefficients of perme 
ability, transmissibility, and storage. Permeability is a measure of the 
ability of a unit cross section of material to transmit water (p. 21); 
transmissibility is the analogous property of a unit width of a whole 
aquifer; the coefficient of storage is a measure of the ability of a unit 
prism of the aquifer to release water from, or take water into, storage 
as a result of a change in head. The specific capacity of a well is the 
ratio of its yield to its drawdown and is governed by the transmissi 
bility and storage coefficients of the aquifer and by the degree of 
thoroughness with which the well is developed. Specific capacity 
generally is expressed as the number of gallons per minute the well 
will yield per foot of drawdown of the water level in the well while 
it is being pumped.

The rate of movement of ground water is determined by the size, 
shape, number, and degree of interconnection of the interstices in the 
aquifer, by the density and viscosity of the water, and by the hydrau 
lic gradient. The capacity of a water-bearing material for trans 
mitting water under a hydraulic gradient is known as its permeability.
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Meinzer's coefficient of permeability is the rate of flow of water, in 
gallons per day through a cross section of 1 square foot, under a hy 
draulic gradient of 100 percent, at a temperature of 60°F. (Wenzel, 
1942, p. 7). It may be expressed as the number of gallons of water 
per day, at 60° F., that is conducted laterally through each mile of 
the water-bearing bed (measured at right angles to the direction of 
flow), for each foot of thickness of the bed and for each foot per mile 
of hydraulic gradient. The field coefficient of permeability is the same 
unit (expressed in either of the ways given above), except that it is 
measured at the prevailing temperature of the ground water in the 
area concerned. The coefficient of transmissibility is a similar measure 
for the entire thickness of the water-bearing formation and may be 
expressed as the number of gallons of water per day transmitted at 
the existing temperature through each 1-foot strip of the height of the 
aquifer, under a hydraulic gradient of 100 percent (or section of the 
aquifer 1 mile wide at a gradient of 1 foot per mile); it is the field 
coefficient of permeability multiplied by the thckness, in feet, of the 
aquifer.

The term "coefficient of storage" expresses the quantity of water 
released from storage in a column of the aquifer of unit cross section 
as the result of a unit decline in head. It is defined formally as the 
volume of water an aquifier releases from or takes into storage per 
unit surface area of the aquifier per unit change in the component of 
head normal to that surface. Under water-table conditons this quan 
tity is approximately equal to the specific yield, which is the quantity 
of water, expressed as a ratio, that a given volume of the aquifer will 
yield under the pull of gravity if it is first saturated and then allowed 
to drain. Under artesian conditions the aquifer remains saturated, 
and the coefficient of storage represents either the water released from 
storage by the compression of the aquifer and by expansion of the 
water itself as the head declines or that added to storage by dilation 
of the aquifer and compression of the water as the head increases; 
it is proportional to the thickness of the aquifer.

The writers made aquifer tests, using the recovery method, on three 
wells penetrating the terrace deposits in the Owl Creek valley. The 
results of these tests are:

Well

63       
70 _         
71       

Duration
of test

(minutes)

30
440
440

Discharge
(gallons

per
minute)

156
162
170

Drawdown
(feet)

2.22
16.65
14.21

Specific
capacity
(gallons

per minute
per foot of 
drawdown)

70
Q 7

12

Coefficient
of trans

missibility
(gallons
per day 
per foot)

48,000
53,000
56,000

Saturated
thickness
of water
bearing
material 

(feet)

11
24
24

Coefficient
of permea
bility (gal

lons per day
per square 

foot)

4,400
2,200
2,300
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The method uses the following formula developed by Theis (1935) :

- t     °gio

in which

T  coefficient of transmissibility, in gallons per day per foot;
Q   discharge, in gallons per minute ;
£=time since discharge began, in any unit;
t' = time since discharge stopped, in the same unit ;
s= residual drawdown of the well, in feet, at time £'.

Values of residual drawdown (s), to linear scale, are plotted against 
corresponding values of the ratio of the time since discharge began 
and the time since discharge stopped (t/t'}^ to logarithmic scale. A 
straight line is then drawn through these points. The value As for 
one log cycle of t/tf (for which the value of logi0£/£' is unity) is de 
termined and T is computed from the simplified formula

in which Q is the discharge, in gallons per minute, during the period 
of pumping.

ARTESIAN CONDITIONS

The pressure head of water at a given point in a body of water at 
rest has been defined as the height to which a column of water will 
rise above that point in a tightly cased well that has no discharge. 
Ground water that rises in wells above the level at which it is first 
penetrated is said to be "artesian" water, whether or not it rises high 
enough to flow at the land surface.

In many of the rock formations in the Owl Creek area, strata of 
relatively permeable rock, principally sandstone, alternate with 
strata of relatively impermeable rock, such as shale or clay. The 
strata in the area dip away from their outcrops, and water that 
enters the more permeable beds in their areas of outcrop moves down 
the dip of the beds and eventually passes between less permeable beds. 
Therefore the water in the saturated permeable beds that lie between 
the relatively impermeable confining layers is under artesian pressure.

The principal artesian aquifers in the area are in the Madison lime 
stone, Tensleep sandstone, Cloverly and Frontier formations, and 
Cody shale. Water-bearing sandstone beds confined between rela 
tively impermeable beds are present in all these formations except 
the Madison limestone. The Madison limestone locally contains 
solution channels that transmit water under artesian pressure. The 
general dip of the formations is northward from the Owl Creek 
Mountains, but in places local uplift and faulting have caused the 
strata to dip in other directions.
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The piezometric surface is an imaginary surface to which water in 
a confined aquifer will rise in a well; it is analogous to the water table 
in an unconfined aquifer. The piezometric surface is not a plane sur 
face but, like the water table, has irregularities and variations in 
slope. Likewise, it does not remain stationary but fluctuates more or 
less constantly in response to the same forces that affect the water 
table; in addition, it responds to forces such as loading and unload 
ing of the aquifer as a result of changes in atmospheric pressure, to 
which the water table does not ordinarily respond. Obviously, each 
separate confined aquifer has its own piezometric surface.

The shape and slope of the piezometric surface of an aquifer deter 
mine the rate and direction of movement of ground water in the 
aquifer and are controlled by several factors. Irregularities in the 
shape and slope may be caused by (a) structure of the aquifer, (b) 
local differences in the permeability and thickness of the aquifer, (c) 
recharge to the aquifer, and (d) discharge of ground water through 
springs, seeps, and wells.

Data are not available to determine the extent of influence of each 
of the above factors on the piezometric surface of each of the artesian 
aquifers in the Owl Creek area. Each formation differs locally in 
structure, permeability, thickness, and location and amount of 
ground-water recharge and discharge, so that the shape and slope of 
its piezometric surface likewise differs locally.

In most of the area the confined water in the bedrock aquifers is 
under sufficient pressure to rise above the water table. Figure 4 
illustrates the relation of the piezometric surface to the water table 
in an idealized cross section. Water enters the aquifer in the re 
charge area and moves downdip to become confined between the 
relatively impermeable shale beds. Water in the aquifer under the 
recharge area is under water-table conditions; downdip, the water is 
confined between the shale beds under artesian pressure. Wells pene 
trating the aquifer downdip from the recharge area obtain water 
under sufficient pressure to rise above the level at which it is found 
and, at some places, to flow at the land surface. The piezometric sur 
face near the flowing wells is drawn down and forms a cone of de 
pression around each well.

Water in the Madison limestone and the Tensleep sandstone is a 
part of an extensive artesian system. Water percolating through this 
system locally saturates permeable overlying and underlying strata. 
The intake or recharge areas are the exposures of the formations on 
the north slope of the Owl Creek Mountains. The ground-water reser 
voir is recharged by the direct penetration of precipitation and by 
seepage from small streams that flow across the outcrop areas. The 
natural discharge area for the artesian water that enters these forma-
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Recharge area

FIGURE 4. Diagram showing water table and plezometric surface in unconflned and
confined aquifers.

tions on the north slope of the Owl Creek Mountains appears to be 
chiefly along the axis of the Thermopolis anticline (Andrews, Pierce, 
and Eargle, 1947) south of the report area, where the strata have 
been broken by overthrust faulting and water issues from several large 
hot springs. The largest of these, Bighorn Hot Spring, is reported to 
yield about 13,000 gpm (gallons per minute). The temperature of 
the spring water was measured as 137°F. Hot water (about 145°F.) 
has been recovered from the Madison limestone in deep test wells on 
the White Rose and Eose Domes, both of which lie along the Ther 
mopolis anticline.

The Cloverly and Frontier formations are recharged mainly by 
precipitation, which falls on extensive dip-slope exposures of the sand 
stone beds on the south side of the Owl Creek valley. Locally, the 
formations are recharged by water moving downward from overlying 
saturated alluvium.

The gently dipping Cody shale is recharged mainly from overlying 
zones of saturation in unconsolidated alluvium and terrace deposits. 
The thin sandstone beds and zones of fractured shale absorb water, 
which percolates down the dip of the strata. Thus, small supplies of 
water under artesian pressure can be obtained at moderate depths in 
the valley of Owl Creek. The artesian pressure, however, is not suf 
ficient to cause the wells to flow at the land surface. Well 53, which is 
on the north side of the valley, penetrates sandy Cody shale at a depth 
of about 50 feet; the water from this depth rises to about 20 feet below
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the land surface. A few miles farther east a fractured zone in the 
Cody shale yields artesian water to well 37, in which the water rises 
to about 9 feet below the land surface.

WATEB-TABLE CONDITIONS

Water in the terrace deposits and alluvium in the Owl Creek area 
occurs under water-table conditions. Meinzer (1923, p. 30, 31) dis 
cusses the water table in part as follows:

The upper surface of the zone of saturation in ordinary permeable soil or 
rock is called the "water table." Where the upper surface is formed by im 
permeable rock the water table ia absent. * * * The water table is not a level 
surface but has irregularities comparable with and related to those of the land 
surface, although it is less rugged. It does not remain in a stationary position 
but fluctuates up and down. The irregularities are due chiefly to local differences 
in gain or loss of water, and the fluctuations are due to variations from time to 
time in gain or loss.

The shape and slope of the water table (like those of a piezometric 
surface) indicate the rate, and direction of movement of ground water 
and are controlled by several factors. The gain or loss of water that 
contributes to the variations and differences in the shape and slope 
of the water table results from the differences from time to time in the 
amounts of ground-water recharge contributed by direct penetration 
of precipitation and by seepage from streams or from irrigation water 
applied to the land. Variations in the rates of discharge of ground 
water by seeps and springs, by direct evaporation from the zone of 
saturation, by transpiration from vegetation growing where the water 
table is shallow, and by pumping from wells likewise affect the water 
table. The shape and slope of the water table may be governed also 
by the configuration of the bedrock floor and by local differences in 
the thickness and permeability of the aquifer.

The general shape and slope of the water table in the terrace deposits 
and alluvium in the Owl Creek valley area are shown on plate 2 by con 
tour lines. Contour lines drawn on the water table show the configura 
tion of the water surface just as contour lines on topographic maps 
show the shape of the land surface. Each point on the water table 
along a contour line has the same altitude. The contour lines are based 
on measurements made of the water level in wells during the summer 
of 1946 and show the approximate shape and slope of the water table 
at the time the measurements were made. Fluctuations of the water 
table, particularly in the areas of shallow water, cause small seasonal 
changes in its shape and slope. The direction of movement of the 
ground water is down the slope of the water table and at right angles 
to the contour lines.

Although the slope of the water table and the direction of ground-; 
water movement differ slightly from place to place, the general move-
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ment of the ground water in the terrace deposits and alluvium in the 
area is easterly. The slope of the water table is very nearly the same 
as the slope of the stream channel; it ranges from about 75 feet per 
mile in the western part of the area to about 30 feet per mile in the 
eastern part. The contour lines on the water table are nearly per 
pendicular to the stream in the eastern and western parts of the area, 
and thus they indicate very little ground-water movement from the 
adjacent formations to the stream. The contour lines in the central 
part of the area, where the Quaternary deposits are more extensive, 
bulge upstream and indicate much more movement of ground water 
from the adjacent terrace and alluvial deposits into the stream. The 
contour lines near the confluence of Owl Creek with the Bighorn 
River bulge downstream and indicate that ground water is moving 
from Owl Creek into the alluvium of the Bighorn Eiver valley.

Except just above its confluence with the Bighorn Eiver, the bed 
of the main stem of Owl Creek receives water from the underground 
reservoir; thus, Owl Creek is primarily a "gaming," or effluent, stream. 
The water table slopes gently downstream but also toward the stream. 
It also slopes from the outer to the inner edge of the terraces, where 
it dips rather sharply into the alluvium and again slopes gently toward 
the stream. These relationships are not shown by the generalized con 
tour lines in figure 4 but are illustrated by the profile of the water table 
in figure 5. Along the inner edge of a terrace, the deposits are thin 
or are absent, and seeps occur near the base of the adjacent escarpment.

^^-" \°.'°t  '»'.« "«" »«'.«. ' ».* « ; . '  !j'. ' ' "' ',-.' '  '.  V"'fX'''A 
i  - \-».-.t   ;.«-i.   -..». .»        .'.<  /. ..  xv\
" --"^S^sy;'.' '/  ;*'' ' Te.rrace deposits. . '. .%  ;  .; ..JA ..Seeps

FIOUBE 5. Idealized cross section showing relation of the water table, the unconsolidated 
Quaternary deposits, and the underlying bedrock of Owl Creek valley.

Pumping from wells causes a drawdown of the water level and a 
pronounced distortion of the water table near the pumped wells. 
When irrigation wells are pumped heavily, relatively deep depressions 
are created in the water table around the pumped wells. However, 
the shape and slope of the water table as shown by plate 2 is too gen 
eralized to reflect changes in the water table that may have been caused 
by the removal of the relatively small amount of water pumped from 
wells in the area.
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RECHARGE

The ground-water reservoir underlying the unconsolidated Quater 
nary deposits in the Owl Creek valley is recharged principally by 
direct penetration of precipitation, by seepage from irrigation canals 
and irrigated land, and by seepage from surface streams and 
depressions.

The direct penetration of precipitation is an unimportant source of 
recharge compared to the seepage from irrigation water. Of the pre 
cipitation that falls on the area, a part is returned to the atmosphere 
by evaporation and transpiration (evapotranspiration), a part runs 
off directly to surface streams, and a part infiltrates to the ground- 
water reservoir. The normal annual precipitation in the area is about 
13 inches, of which only a small part, possibly no more than 1 inch, 
reaches the ground-water reservoir.

Precipitation that is not discharged immediately by evapotrans 
piration and by direct runoff to the streams percolates downward into 
the soil. The soil absorbs moisture until it can hold no more against 
the force of gravity; then, any excess moves downward to the zone of 
saturation. Such downward movement of water during the growing 
season may be prevented by transpiration, which may deplete the soil 
moisture more rapidly than it can be replenished by precipitation. 
Thus, at the end of the growing season, the soil moisture may be 
largely depleted. Precipitation during the fall and winter, at which 
time there is comparatively little evapotranspiration, tends to re 
plenish the soil moisture and, after replenishing it, to move downward 
to the water table. Most of the ground-water recharge from precipi 
tation in the Owl Creek valley occurs during the fall, winter, and 
early spring months. The high rate of evapotranspiration and the 
generally low rate of precipitation during the growing season prob 
ably permit very little recharge from precipitation during that season 
except where the water table is near the land surface.

Most of the water that reaches the ground-water reservoir seeps 
from the canals and laterals and from irrigated fields when applied in 
amounts excess to the soil-moisture requirements. This recharge is 
illustrated by the fluctuation of water levels in wells. It is interest 
ing to note that the water levels fluctuate in response to the amount 
of precipitation. This fluctuation is due not to infiltration of the 
scanty precipitation but to the close relation between rainfall and 
the available supply of irrigation water. Irrigation water is diverted 
directly from Owl Creek, and the flow of the stream responds di 
rectly to precipitation. A hydrograph of the average water level in 
13 wells in the irrigated part of the Owl Creek valley (fig. 6) shows 
a general seasonal fluctuation; the water level rises from March to
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July, when irrigation water is being applied to the land, and de 
clines during the intervening months.

If the downward trend of the hydrograph during the winter months 
is projected each year until the time when the water levels actually 
reached the seasonal high (fig. 6), the average water level that pre 
sumably would have been reached if the winter discharge-recharge 
relation had continued to June or July would be about 14.4 feet be 
low the land surface. However, recharge occurred or increased dur 
ing the spring and early summer months, and the water level in 
the wells rose to an average depth of 9.2 feet below the land surface; 
this is a gross average rise of about 5.2 feet from the projected low. 
The projected low was based on the assumption that the rate of dis 
charge during the winter continued through the spring and early sum 
mer. However, because of greater losses from evaporation and trans 
piration and because the hydraulic gradient is steeper, the discharge 
from the ground-water reservoir actually increases during the summer. 
Consequently, the gross average rise in water level probably is slightly 
greater than the 5.2 feet indicated. Therefore, if the average gross 
rise in water level is 5.2 feet and the storage coefficient is about 0.20, 
the annual recharge to the shallow ground-water reservoir is about 1 
acre-foot of water per acre. Most of this recharge takes place by 
seepage from irrigation canals and ditches and irrigated land; only 
a very small part results from direct penetration of precipitation.

Although the shape of the water-table contour lines on plate 2 
indicates that the movement of ground water generally is either from 
the unconsolidated alluvium and terrace deposits into the streams or 
parallel to the streams, the alluvium receives water from the streams 
at a few places along their courses during part of the year. For 
example, just below the Anchor Dam site segments of the channel 
of the South Fork of Owl Creek are dry during times of drought and 
low streamflow. This condition gave rise to speculation as to whether 
water is lost continuously from the stream by percolation through 
the alluvium to the underlying bedrock. To determine whether 
such a loss occurred, 6 sets of streamflow measurements were made at 
4 locations within a 41/^j-mile section of the stream below the Anchor 
Dam site. The data obtained from these measurements (table 2) 
show that, in general, the losses are so small that they do not affect the 
streamflow appreciably. The appearance of dry sections during very 
low stages is, in the opinion of the writers, primarily the result of a 
transition from finer to coarser, well-sorted, highly permeable alluvium 
in this part of the valley; this transition allows for an increase in the 
amount of water that moves down the valley by underflow. However, 
it is possible that a part, perhaps a large part, of the loss of stream- 
flow that occurs during the summer months is due to transpiration by

553491 61   3
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TABLE 2. Variation in streamflow in South Fork of Owl Creek near Anchor Dam 
site, Owl Creek valley, Wyoming, 1946

Date

1946

5/21  
6/20  
7/15  
9/4   
10/7... 
12/2 

Anchor 
Dam 
site

Cubic 
feet per 
second

28.5 
73.5 
37.2 
6.9 
6.9 
8.5

1 mile 
below 

dainsite

Cubic 
feet per 
second

28.9 
73.0 
36.8 
7.6 

 7.8 
 7.7

Gain (+) or 
loss (  ) in 

1-mile section

Cubic 
feet per 
second

+0.4 
-.5 
-.4
+.7 
+.9
-.8

Per 
cent

+1.4 
-.7 

-1.1 
+10.0 
+13.0 
-9.4

Smiles 
below 

damsite

Cubic 
feet per 
second

29.4 
73.2 
34.3 
6.0 
6.9 

M.4

Gain (+) or 
loss (  ) in 

2-mile section

Cubic 
feet per 
second

+0.5 
+.2 

-2.5 
-1.6

. _ Q

-3! 5

Per 
cent

+1.7 
+.3 

-7.0 
-21.0 
-12.0 
-45.5

4^ 
miles 
below 

damsite

Cubic 
feet per 
second

28.0 
69.0 
29.9 
4.5 
8.2 
3.7

Gain (+) or 
loss (  ) in 

l}4-mile section

Cubic 
feet per 
second

-1.4 
-4.2 
-4.4
-1.5 
+1.3

Per 
cent

-4.8 
-5.7 

-12.8 
-25.0 
+18.8 
-16.0

Gain (+) or 
loss (-) in 

entire 4V£-mile 
section

Cubic 
feet per 
second

-0.5 
-4.5 
-7.3 
-2.4 
+1.3 
-5.0

Per 
cent

-1.8 
-6. a 

-20.0 
-35.0
+18.8 
-58. »

  Ice in channel above and below measurement section.
i> Surface inflow between this and the preceding station estimated at 0.2 cfs.

vegetation along the stream valley and to evaporation and that a small 
amount of water may move into the underlying bedrock.

Depressions are present locally in the lowlands of the Owl Creek 
area. Some of the depressions, in the western part of the area where 
the unconsolidated deposits overlie the Chugwater formation, may 
have been formed by subsidence of surficial sediments into solution 
cavities in the Chugwater. Others, in the major terraces, possibly 
were caused by wind action. Part of the water that collects in these 
depressions evaporates, but a part percolates downward to the water 
table.

DISCHARGE

Ground water in the area is discharged from the zone of saturation 
by evaporation and transpiration and by discharge through seeps, 
springs, and wells.

Where the water table is shallow, plant roots obtain ground water 
directly from the zone of saturation or from the capillary fringe, and 
that water is discharged from the plants by transpiration. The depth 
from which plants will lift ground water varies with the species of 
plants and type of soil. The limit of lift by ordinary grasses and field 
crops is only a few feet; however, the roots of some plants may extend 
to depths of several tens of feet.

Discharge of ground water by evaporation and transpiration in the 
Owl Creek valley occurs throughout most of the area underlain by the 
alluvium and terrace deposits, but it is greatest in the alluvium where 
the water table is relatively shallow. Alfalfa, which is a user of large 
quantities of water and is capable of extending its roots to relatively 
great depths, is grown throughout the area on the terrace deposits 
and on the alluvium along the streams; consequently, much water is 
transpired by alfalfa in the area. In addition to the water discharged 
by crops, a rather large amount is transpired by the natural vegetation
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growing along the stream courses where the water table is near the 
land surface.

Water is discharged from the ground-water reservoirs of the area 
by seeps along the contact of the terrace deposits and the underlying 
consolidated rocks. During wet weather, some water is discharged 
from seeps along the sandstone outcrops in the southern part of the 
area and in gullies. Seepage along the terrace escarpments is rela 
tively small, and the water either evaporates or is transpired at or near 
its place of issue; however, during periods of large recharge to the 
terrace deposits, some water from them moves into the alluvium.

Water is also discharged from the ground-water reservoir by wells. 
Most wells in the area supply water for domestic and stock use and 
yield only small quantities of water; however, a few irrigation wells 
yielding 50 to as much as 500 gpm have been developed. The combined 
discharge of the irrigation wells probably does not exceed 100 acre- 
feet per year.

WATER-LEVEL FLUCTUATIONS

The water table and piezometric surfaces of ground-water reservoirs 
rise and fall much like the surface of the water in a surface reservoir, 
in accordance with the relation between the rate of recharge to and the 
rate of discharge from the reservoirs. If the inflow exceeds the dis 
charge, the surfaces will rise; conversely, if the discharge exceeds the 
inflow the surfaces will fall. The water table and piezometric sur 
faces fluctuate more as a result of the addition or removal of a certain 
quantity of water than does the water level of a surface reservoir, 
because ground water occupies only part of the volume of a ground- 
water reservoir. Thus, if an unconfined sand and gravel aquifer has 
an average storage coefficient of 0.20, the addition of 1 foot of water to 
the aquifer will raise the water table 5 feet.

The principal factors that cause a rise of the water table in the Owl 
Creek area are (a) infiltration of precipitation, (b) infiltration from 
streams, and (c) deep seepage of irrigation water. The principal 
factor that causes a rise of the piezometric surfaces in the area is the 
entrance of water into the artesian aquifers in areas where they crop 
out (a) by downward percolation from rainfall and (b) by infiltra 
tion from streams.

The principal types of ground-water discharge that cause declines 
in the water table in the area are (a) the discharge of ground water 
into streams or to the land surface through seeps and springs, (b) 
evaporation and transpiration, and (c) pumping from wells. Fac 
tors causing declines in the piezometric surfaces in the area are (a) 
discharge through seeps and springs and (b) discharge from wells.

The fluctuations of the water table and the piezometric surfaces in 
the Owl Creek area were studied by means of periodic measurements
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A A/\

B A

\
VJ

ui 16

u 20

FIGURE 7. Hydrographs showing changes In water level In wells In Af alluvium, caused 
by seasonal runoff; Bf in terrace deposits, caused by recharge from irrigation; and C, 
In terrace and slope deposits, caused by recharge from irrigation.

of the depth to the water in wells. Although measurements were made 
of the water level in wells penetrating some of the artesian aquifers, 
the data were not conclusive, as the fluctuations appeared to follow 
no pattern; consequently, the following discussion of the water-level 
fluctuations is based principally on data pertaining to water-table con 
ditions. Periodic measurements of water levels in wells in the area 
were begun in the summer of 1946. The water-level measurements 
are published in the water-supply papers of the U.S. Geological 
Survey.

Hydrographs in figure 7 show the fluctuations of the water level in 
4 selected wells in the area. Well 22 obtains water from the alluvium 
of Owl Creek, and the water level in the well rises and falls in response 
to the flow in the stream. The flow of the stream generally is lowest
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during the winter months and highest during the summer months. 
The water level in well 22 generally fluctuates in a similar irianner  
it is low during the winter months and high during the summer. The 
minor peaks in the hydrograph probably reflect flood stages of the 
stream.

Wells 62 and 63 obtain water from the terrace deposits along Owl 
Creek and the water level fluctuates principally in response to infil 
tration of water from surface irrigation. The water level rises during 
the main irrigation season from May to August, inclusive, when most 
of the surface water is applied to the irrigated land. The water level 
generally declines during the nonirrigation season and reaches its low 
est level during the winter months. Minor fluctuations probably re 
flect local conditions, such as precipitation or variations in amount of 
irrigation water applied to the land surface. When surface water is 
available during the fall months, hay crops are irrigated and small 
fluctuations of the water table result.

Well 67 penetrates terrace and slope deposits, and the water level 
in the well fluctuates in the same manner as does that in wells 62 and 
63; however, the amount of change is much greater than in wells 62 
and 63. Although the rise and fall of the water table in well 67 are 
caused principally by irrigation water, the increase in the range of 
fluctuation probably is due to a lower storage coefficient of the aqui 
fer ; that is, less water is required to fill the pore spaces of the aquifer 
than is required to fill the pore spaces in the aquifer penetrated by 
wells 62 and 63.

Fluctuations of the water levels in wells show a close relation to 
the fluctuations of precipitation because seasonal runoff and diversion 
of surface water for irrigation respond immediately to precipitation. 
Figure 6 shows the relation of the average water level in 13 wells in 
the area to precipitation and runoff. The peaks of the ground-water 
hydrographs are very nearly coincident with the periods of high pre 
cipitation and runoff.

RECOVERY

Pumping water from a well causes the water level in the well and 
in the aquifer surrounding the well to be drawn down to form a de 
pression in the water table or piezometric surface that resembles an 
inverted cone, the apex of which is at the well (fig. 8). The surface 
area underlain by this cone of depression is known as the area of in 
fluence. The drawdown of the water level and the area of influence 
increase as the rate of pumping from a well increases. In artesian 
aquifers, owing to their lower coefficient of storage, the cone of depres 
sion enlarges faster than it does in water-table aquifers. If pumped 
wells are close together, their cones of influence may overlap so that 
pumping from one well will lower the water level in nearby wells.
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FIQUEB 8. Diagrammatic section of water table near well that is being pumped.

The specific capacity of a well (p. 20) is its rate of yield per unit 
of drawdown and is determined by dividing the discharge, in gallons 
per minute, by the drawdown, in feet. When a well discharges water, 
the water level declines, rapidly at first and then more slowly; it may 
continue to decline for several hours or days before the rate of decline 
becomes so small as to be negligible for the purpose of computing 
specific capacity. Conversely, when the discharge is stopped, the 
water level rises, rapidly at first and then more slowly; it may con 
tinue to rise long after the discharge has ceased. When wells 63, 70, 
and 71, which penetrate the terrace deposits, were pumped at rates of 
156, 162, and 170 gpm, drawdowns of 2.22, 16.65, and 14.21 feet, re 
spectively, resulted. Thus, the specific capacities of these wells were 
70, 9.7, and 12 gpm per foot of drawdown, respectively; however, 
the specific capacity (70) determined for well 63 undoubtedly is too 
high, as the period of pumping was not long enough to allow the water 
level to become approximately stationary. No tests were made to 
determine the specific capacities of wells penetrating artesian aquifers 
in the area.

Much of the ground water recovered from the Owl Creek area is 
taken from drilled, dug, or bored wells. Wells that penetrate the con 
solidated deposits are drilled; those that penetrate the unconsolidated 
deposits are constructed by any one method or a combination of 
methods.

Many of the domestic and stock wells and most irrigation wells in 
the area have been drilled by the percussion (cable-tool) or the hy 
draulic-rotary methods, mostly the former. The drilled wells gen 
erally are cased with iron or steel, and their diameters range from 
6 to 28 inches.

Dug wells are excavated with hand tools or power machinery, and 
their diameters generally range from 3 to 6 feet. Most of the dug 
wells were constructed during the early settlement of the area and are 
in localities where the water table is close to the land surface.
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A few wells were bored in localities where the saturated deposits 
are only a few feet below the land surface. Bored wells generally 
are constructed with a hand auger.

Most wells in the area obtain water from unconsolidated alluvium 
and terrace deposits along the valley of Owl Creek. Drilled wells 
that obtain all their water from these deposits are cased the full depth 
of the hole to prevent caving. The casing generally is perforated op 
posite the aquifer. The casing in some of the older wells, however, 
is not perforated, and water can enter only through its open end; the 
quantity of water than can be obtained from such wells is materially 
reduced.

The selection of the correct size of perforation is important in con 
structing wells in unconsolidated deposits, particularly large-capacity 
wells such as may be used for irrigation or public supply; the yield, 
and at times even the life, of a well may be affected by the size of the 
casing perforation selected. If the perforations are too large, too 
much of the finer grained material may enter the well, perhaps filling 
it and damaging the pump; and if too much material is withdrawn, 
the ground may cave around the well. If the perforations are too 
small, they may become so clogged that water will not enter the well 
freely. The final development of a well to produce the most water 
with the least drawdown is easier and more certain where the casing 
perforations are of the correct size.

Good well-construction practice includes the selection of a well 
screen or perforated casing that will pass the fine-grained part (30 
to 60 percent) of the material in the aquifer around the well. Reten 
tion of the coarser particles around the screen or perforated casing 
forms a natural gravel pack that greatly increases the effective di 
ameter of the well and, hence, its specific capacity.

Gravel-walled (gravel-packed) wells generally are effective for 
obtaining large amounts of water from relatively fine grained un 
consolidated deposits, and they are used widely for irrigation and 
public supply. A well of this type can be constructed by first drilling 
a hole 24 to 60 inches in diameter and then casing it temporarily with 
iron or steel pipe. A well screen or perforated casing of considerably 
smaller diameter than the hole then is lowered into place and centered 
in the larger pipe, screen or perforations being opposite the water 
bearing beds. Unperforated casing extends above and between the 
perforated parts of the casing. The annular space between the inner 
and outer casings then is filled with sorted gravel, preferably of a 
grain size just a little larger than the openings in the screen or per 
forated casing and slightly larger than the grains of the water-bear 
ing material. A medium- or coarse-grained gravel generally is used, 
but a fine-grained gravel or coarse-grained sand may be better in wells
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drilled in very fine grained deposits. The outer casing then is with 
drawn far enough to allow the gravel packing to come in contact with 
the water-bearing material opposite the perforated sections of the 
casing.

Knowledge of the character of the water-bearing material is neces 
sary to guide the choice of the type of well to be constructed. If the 
water-bearing material is a coarse gravel, as it is in parts of the Owl 
Creek area, gravel packing generally is unnecessary; wells of optimum 
efficiency can be constructed if a properly designed screen or per 
forated casing is used and the well is completely developed so that 
water will enter freely.

The above discussion deals only briefly with the construction and 
development of wells, and the reader is referred to Bennison (1947) 
for a more complete discussion of the subject.

Some ground water is discharged in the area through springs, most 
of which are artesian (springs that issue under artesian pressure). 
Most of the discharge from springs in and near the report area is from 
the thermal springs at Thermopolis and along the Bighorn Eiver. 
The high temperature of the spring water can be reasonably assumed 
to be caused by heat from deep-seated igneous rock rather than by rise 
of the water from great depth. Neither the Tensleep sandstone nor 
the Madison limestone lies at sufficient depth to account for the high 
temperature of the water. To preserve the heat of the water in its 
course to the outlets, channels permitting rapid flow must exist; if 
the water rose slowly it would cool to the temperature of the adjacent 
rocks. That the water must be moving through large openings in 
the rocks is indicated also by the large flow of the springs. The Madi 
son limestone is capable of providing such openings, and the spring 
water is similar in quality to water in the Madison elsewhere; these 
facts are strong evidence that the water is derived largely from the 
Madison. The total amount of water discharged through the springs 
is not known, but the flow from one of the largest springs is reported 
to be about 13,000 gpm.

A few contact springs and seeps occur along tributaries to Owl 
Creek, but only small amounts of water issue from them. These 
springs and seeps issue at the contact of the unconsolidated terrace 
deposits with the underlying consolidated rocks. Most of this water 
evaporates at or near the place of issue and causes salts to accumulate 
on the land surface.

POTENTIAL ADDITIONAL DEVELOPMENT

The feasibility of developing water from wells for irrigation de 
pends, among other things upon the long-term yield of the ground- 
water reservoirs, the cost of drilling and pumping, the types of soil,
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the quality of water, the crops raised, and the market and price con 
ditions. Most of these factors apply also to development of water for 
public supply or industrial use.

The ability of a ground-water reservoir to yield water over a long 
period of years is limited, like that of a surface reservoir, because 
it depends upon the relation of inflow to discharge and on the available 
storage. If the average annual amount of water discharged from a 
ground-water reservoir in a given area by pumping and by other 
means (underflow, seeps, springs, evaporation, and transpiration) per 
sistently exceeds the average annual amount of water that enters the 
reservoir within the area, the water levels in wells will decline and 
the reservoir ultimately will be depleted.

The cost of drilling and pumping is determined in part by the depth 
to the aquifer, by the depth to the water level, and by the drawdown 
due to pumping. In areas where the water table or piezometric surface 
is relatively deep, the wells must be deep and the pumping lift corre 
spondingly great. The cost of a well is also determined in part by the 
permeability and thickness of the water-bearing materials. Wells 
may penetrate relatively fine-grained materials that give a relatively 
small yield. Gravel packing may increase the yield of such wells, 
but it also adds to the cost. The character of the soil and the contour 
of the land surface also are important factors in the use of ground 
water for irrigation. A very sandy soil will cause excessive loss of 
water in ditches and perhaps will require the use of sprinkler systems. 
The land may be poorly drained, or it may require large expenditures 
for leveling.

The chemical quality of water also is an important factor to be 
considered. Water from some aquifers may be too highly mineralized 
or may contain certain minerals in amounts that are undesirable for 
domestic, irrigation, or industrial use.

Only the geologic and hydrologic factors that make feasible the de 
velopment of ground water from the several aquifers will be discussed 
in this section. The chemical quality of the ground water in relation 
to use is discussed in the section '^Chemical quality of the water" 
(p. 40).

AULUVIUM

The thickness of the alluvium differs from place to place and can 
be determined only by test drilling or, under favorable conditions, 
by geophysical surveys. Additional ground water for domestic and 
stock supplies can be obtained from the alluvium; moderate to large 
supplies of water can be obtained where thick saturated deposits are 
present. In the widest part of the Owl Creek valley, from the west 
side of the Rose Dome to the vicinity of sec. 10, T. 43 N., E. 99 W., 
buried stream channels containing relatively thick sections of satu-
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rated deposits may be present almost anywhere. The water table lies 
relatively close to the land surface throughout the alluvial part of the 
valley, so that the pumping lift is relatively small.

Although the alluvium is permeable enough in places to yield large 
quantities of water to wells, the small amount of recharge to the 
alluvium limits the total amount of water that can be withdrawn.

If development of large quantities of ground water is undertaken in 
the future, a lowering of the water table will take place. The extent 
and persistency of that lowering will depend upon the average an 
nual amounts of water withdrawn in relation to the average annual 
recharge. Discharge of ground water by wells is a new discharge 
that is superimposed on the natural balanced system. Before equilib 
rium of the water table under pumping conditions can be established, 
water levels must be lowered sufficiently to increase the natural re 
charge or to decrease the natural discharge, or both, by the net amount 
being discharged from the wells. If the average annual discharge 
should exceed the average annual recharge, water will be mined (re 
moved from permanent storage in the aquifer), and the water table 
will be permanently lowered. However, because the alluvium and 
terrace deposits in the Owl Creek valley are not thick in comparison 
to those in many other parts of the country and because of the large 
drawdowns in wells necessary to obtain water at a high rate, exten 
sive mining of ground water from the alluvium or terrace deposits of 
Owl Creek valley is not likely to occur. During periods of heavy 
pumping from the alluvium, water levels near the pumped wells will 
decline and can be expected to recover only when pumping is reduced 
seasonally and recharge is received from streams, underflow, precipi 
tation, and seepage from irrigation. Withdrawal and consumptive 
use of water from the alluvium will cause a decrease in the flow of 
Owl Creek and, during periods of heavy withdrawal, could cause it 
to cease flowing in places.

If sufficient ground water is withdrawn to lower the water table 
below the reach of plant roots, water would be salvaged and be avail 
able for beneficial use; some of the water pumped for irrigation would 
percolate also back into the ground-water reservoir, and a part of this 
return flow could be reused. However, some water must be allowed 
to leave the area by underflow or seepage into the streams to prevent 
a troublesome accumulation of salts in the soil and the ground water.

TERRACE DEPOSITS

The areal extent (pi. 1), thickness, and permeability of the terrace 
deposits in the area are relatively small; thus the development of ad 
ditional ground water from these deposits will be limited.

The principal terrace deposits are present in a narrow band along 
the north side of Owl Creek in the central part of the area, and be-
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tween the North and South Forks of Owl Creek in the western part 
of the area. The total amount of water that can be withdrawn from 
the terrace deposits depends upon the amount of recharge to those 
deposits. Although some recharge is derived from precipitation on 
the terraces, most of it is seepage from irrigation water. The lower 
part of the terrace deposits throughout most of the central part of 
the area is saturated, and, where the deposits are sufficiently permeable, 
they will yield moderate to large quantities of water to wells. How 
ever, because the deposits are relatively thin and small in areal extent, 
their capacity to store water is small. Thus, even with normal re 
charge, only a limited amount of water can be pumped from them. 

Other terrace deposits within the area are too small in areal extent 
and thickness to yield appreciable quantities of water.

CX-OVERLY, FRONTIER, AND CODY FORMATIONS

The sandstone beds in the Cleverly, Frontier, and Cody formations 
will yield only relatively small quantities of water to wells because 
their permeability is low. Erosion following uplift has removed these 
formations from parts of the Owl Creek area, so that they are absent 
in the southwestern and southeastern parts and the central part of 
the eastern third of the area. The formations dip generally north 
ward, but local disturbances have changed their direction of dip in 
places. Locally, near the Kose and White Eose Domes, the formations 
dip northeast and southwest, and near the Embar anticline they dip 
northeast. The formations lie below the younger deposits, and the 
depth at which they can be tapped by wells generally becomes progres 
sively greater northward from their areas of outcrop.

The Cleverly and Frontier formations can be tapped by wells at 
reasonable drilling depths at most places on the south side of Owl 
Creek in the central part of the area and northeastward from the area 
of outcrop on the east flanks of the Kose and White Eose Domes.

The sandstone beds in the Cody shale can be tapped by wells in 
places within the area where the formation is exposed (pi. 1). The 
formation generally can be penetrated at reasonable drilling depths 
northward from the southern margin of the alluvium along the main 
stem and North Fork of Owl Creek.

TENSI^EEP SANDSTONE

Although water can be obtained from the Tensleep sandstone 
throughout most of the Owl Creek area, the formation lies so far 
below the land surface in most places that the drilling of wells into 
it is not feasible. For example, the Tensleep sandstone is exposed 
at the surface on the crest of the Embar anticline (pi. 1, section B-B') , 
but the formation dips sharply and lies several thousand feet below 
the land surface only three-fourths of a mile northeastward. The
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best places at which to attempt development of wells at reasonable 
depths are on the gentle slopes of the anticlines and domes. Thus, 
prospecting for water in the formation probably would be most suc 
cessful in localities northeast of the apexes of the Eose and White 
Eose Domes, southwest of the crest of the Embar anticline, and 
northeast of the crest of the Anchor anticline.

The Tensleep sandstone is rather permeable, especially near domes 
and anticlines where it is fractured; consequently, it probably will 
yield moderate amounts of water to wells. Wells penetrating the 
sandstone in localities adjacent to the report area have been reported 
to yield substantial quantities of water under artesian pressure.

MADISON LIMESTONE

The Madison limestone will yield water to wells, but throughout 
most of the report area the formation lies at even greater depths 
below the land surface than the Tensleep sandstone. The best places 
at which to prospect for water at the least depth in the Madison, as 
in the Tensleep, are on the gently sloping flanks of the domes and 
anticlines. However, the Madison limestone lies 600 to 700 feet below 
the Tensleep sandstone, and the shallowest depth at which the 
Madison could be tapped anywhere in the area is about 600 feet on 
the crests of the Anchor and Embar anticlines.

The Madison limestone is capable of yielding large quantities of 
water from solution cavities. However, the cavities occur sporadi 
cally within the formation, and a considerable risk is involved in 
attempting to develop water from the formation by drilling; further 
more, the water can be expected to be highly mineralized.

CHEMICAL. QUALITY OF THE WATER

By HERBERT A. SWENSON

Water from the Chugwater and Frontier formations, the Cody 
shale, and the alluvium and terrace deposits in the report area was 
analyzed to determine its chemical quality and to aid in the evalua 
tion of its suitability for irrigation and domestic use. Because 
ground water and surface water in the area are interrelated, water 
from the South and North Forks and the main stem of Owl Creek 
also was analyzed. Most of the 12 ground-water samples analyzed 
(table 3) were obtained in July 1946; the 7 surface-water samples 
(table 4), representing periods of high and low flow, were obtained 
in July and September 1947. The sampling points are shown on 
plate 1.

Because of the complex geology and hydrology of the area and 
because relatively few chemical-quality data are available, only a 
general description of the water quality and a general evaluation of
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the suitability of the water can be made for the report area as a 
whole. The sample of water from well 67 (unused well) was re 
ported to contain sediment when collected and had extremely high 
concentrations of dissolved constituents; thus, the sample probably 
is not representative of ground water near the well. Although the 
analysis is shown in table 3, it is not considered in the following 
discussions.

Ground water in the Owl Creek area is highly mineralized; dis- 
solved-solids concentrations ranged from 1,830 to 11,600 ppm (table 3). 
Conversely, surface water is less mineralized, especially in the upper 
reaches of the North and South Forks of Owl Creek; dissolved-solids 
concentrations ranged from 79 ppm in a sample from the South Fork 
near the Anchor Dam site to 3,960 ppm in a sample from Owl Creek 
near its mouth.

GROUND WATER

No samples of water from formations of Paleozic age were obtained 
during this investigation. However, analyses of samples (Crawford, 
1940) of water from 2 oil test wells in T. 44 N., Ks. 96 and 97 W., 
which tap the Tensleep sandstone in the Waugh Dome north of the 
report area, indicated that the water was of the sodium-sulfate type 
and contained about 2,300 ppm of dissolved solids. Because water 
from the overlying Phosphoria and Dinwoody formations may not 
have been properly cased off, these samples may represent a mixture 
of water from the Tensleep sandstone and the Phosphoria and Din- 
woody formations. Water from the Phosphoria and Dinwoody for 
mations at the Waugh Dome had a dissolved-solids concentration of 
about 2,400 ppm and was of the sodium-sulfate type.

The chemical character of dissolved solids in water from several 
different aquifers is shown graphically in figure 9, in which results of 
analyses are plotted in equivalents per million. (The concentration 
of a substance expressed in parts per million is converted to equiva 
lents per million by dividing the number of parts per million by the 
equivalent weight of the substance.) Sulf ate is the predominant anion 
in water from these aquifers, but the relative concentrations of cations 
are different in water from unconsolidated deposits and bedrock. 
Sodium predominates in water from bedrock, whereas calcium and 
magnesium predominate in water from unconsolidated deposits.

Water from 3 wells tapping aquifers in the Chugwater formation, 
Frontier formation, and Cody shale was relatively soft but contained 
more than 2,000 ppm of dissolved solids. Although these aquifers 
yield water differing in total concentration, the chemical characteris 
tics of the water are relatively similar. Sodium and sulfate consti 
tuted more than 85 percent of the dissolved solids in the 3 samples
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EXPLANATION

CD ^ 
Sodium and potassium Magnesium

Chloride and nitrate Sulfate Carbonate and bicarbonate

DEPTH, f 
IN FEET 43.9

Alluvium

52.9 
Cody 
shale

400
Chugwater 
formation

36.0 
Terrace 
deposits

440
Frontier 

formation

FIQTJEB 9. Graphic representation of analyses of ground water in Owl Creek area, Wyo.

(table 3). The hardness of water from these consolidated rocks is 
lower than that of water from the unconsolidated alluvium and ter 
race deposits. This relatively low hardness probably results from 
natural softening, a reaction in which the calcium and magnesium in 
the water are partly exchanged for sodium and potassium derived 
from the rock material.
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Water from two shallow wells (19 and 99) that produce from both 
bedrock and overlying unconsolidated deposits was analyzed. This 
mixed water was very hard; the concentrations of dissolved solids 
were 1,930 and 6,240 ppm (table 3). The chemical character of the 
bedrock water from these wells is altered by admixture with water 
from the overlying alluvium and terrace deposits. For example, the 
percent sodium (the ratio, expressed as a percentage, of sodium to the 
sum of the principal cations sodium, potassium, calcium, and mag 
nesium all in equivalents per million) of water from bedrock was 
greater than 90, and that of water from unconsolidated deposits 
ranged from 11 to 44; the percent sodium of the mixed water was 
43 and 68.

The quality of water from terrace deposits and alluvium is in 
fluenced by the quality of applied irrigation water. Analyses of 
water from six wells tapping these unconsolidated deposits indicate 
that, like water from Owl Creek and the lower reaches of its North 
and South Forks, calcium, magnesium, and sodium sulf ates are the 
predominant dissolved salts. The water is very hard and most of the 
hardness is of the noncarbonate (permanent) type, Dissolved-solids 
concentrations ranged from 1,830 to 3,310 ppm in the 6 samples.

SURFACE WATER

Water draining from the more resistant rocks in the upper reaches 
of the North and South Forks of Owl Creek contains only small 
amounts of dissolved material. For example, in September 1947 dur 
ing a period of low flow, water in the South Fork upstream from the 
Anchor Dam site had a dissolved-solids concentration of only 108 
ppm; similarly, water in the North Fork upstream from the west edge 
of the report area had a concentration of 190 ppm. However, the 
quality of water near the confluence of the two forks differs consid 
erably from that in the upstream reaches as a result of drainage from 
the less resistant rocks underlying the report area; dissolved-solids 
concentrations had increased to 642 and 1,380 ppm at the mouths of 
the South Fork and North Fork, respectively. Farther downstream, 
near the mouth of Owl Creek, the concentration was 3,960 ppm. The 
increase was due principally to the increase in concentrations of cal 
cium, magnesium, sodium, and sulf ate (table 4).

During the irrigation season, when flows were much higher, the 
downstream increase in dissolved solids was similar, though less pro 
nounced. Data for the South Fork of Owl Creek near the Anchor 
Dam site and for Owl Creek near the mouth on July 1-2,1947, show 
an increase in dissolved solids from 79 to 811 ppm, respectively (table 
4). Part of the increase is due to ground-water inflow and part to 
the use and reuse of the creek water for irrigation.
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SUITABILITY

Ground water in the report area is used mostly for domestic needs 
and stock watering. However, because of its high mineral content, 
much of the ground water is not potable by ordinary standards. Most 
of the water used for irrigation in the area is diverted from Owl Creek 
and its two principal tributaries, although some ground water is 
pumped for irrigation, principally in T. 43 N., R. 96 W.

Of the ground-water samples obtained for this study, 3 were from 
domestic wells, 5 from stock-watering wells, 1 from an irrigation well, 
and 3 from unused wells. Two of the seven surface-water samples 
represent water that was available for irrigation during a period of 
high flow in July 1947.

DOMESTIC USB

Although ground water in the report area generally is highly 
mineralized, the palatability of drinking water is largely a matter 
of personal opinion. Persons who have become accustomed to drink 
ing water that contains relatively large amounts of dissolved salts 
generally consider water of low mineral content to be flat tasting.

Standards for drinking water used on interstate common carriers 
have been established by the U.S. Public Health Service (1946) and 
have been accepted by the American Water Works Association for all 
public water supplies. Although, except for fluorides, they are not 
mandatory even on common carriers, they are generally accepted as a 
basis for evaluating drinking-water supplies. The standards for some 
of the chemical constituents are given in the following table:

Maximum concentration
Constituent recommended (ppm) 

Iron and manganese______________________________ 0.3 
Magnesium____________________________________ 125 
Sulfate______________________________________ 250 
Chloride______________________________________ 250 
Fluoride_____________________________________ 1.6
Dissolved solids_________________________________ * 500

»1,000 ppm may be permitted If water of better quality Is not available.

In the report area the ground water contained more than the recom 
mended maximum concentrations of sulfate and dissolved solids. 
Several wells produced water having excessive amounts of magnesium 
or iron; well 8, which taps the Frontier formation, produced water 
having an excessive amount of fluoride (2.8 ppm). Highly mineral 
ized water containing large amounts of sodium sulfate (Glauber's 
salt) and magnesium sulfate (Epsom salt) can be disagreeable for 
drinking because of its taste and cathartic action. When present in 
concentrations greater than about 0.3 ppm iron can cause stains on 
clothing, fixtures, and utensils, and when in concentrations of 0.5 to 
1.0 ppm it can be tasted. Recent investigations indicate that fluoride
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in concentrations greater than about 1.5 ppm in drinking water has 
been associated with mottled enamel of the teeth of children, although 
in concentrations less than about 1.5 ppm it tends to reduce tooth 
decay. (California Inst. Technology, 1952, p. 257.)

Although specific limits for hardness cannot be set, water having a 
hardness of 60 to 120 ppm generally is considered to be moderately 
hard, of 120 to 200 ppm to be hard, and of more than 200 ppm to be 
very hard. By these criteria, water in the report area from bedrock 
aquifers would be classed as moderately hard to hard, and that from 
unconsolidated deposits as very hard.

IRRIGATION

According to Wilcox (1948, p. 25-27) the characteristics that de 
termine the suitability of water for irrigation are total concentration 
(expressed in his paper in terms of electrical conductivity or dissolved 
solids), percent sodium, and concentration of boron. Specific conduct 
ance (electrical conductivity) is a measure of the ability of a water to 
conduct an electrical current and is directly related to the dissolved 
solids in the water. High concentrations of dissolved solids in irriga 
tion water may adversely affect plant growth and may cause the soil 
to become saline. Sodium in irrigation water may replace the calcium 
and magnesium absorbed on soil colloids; the soil then becomes less 
permeable to water and air. Boron in concentrations greater than 
about 0.5 ppm in irrigation water is toxic to some plants. Boron 
concentrations were not determined for most samples from the re 
port area; however, boron is not known to be present in objectionable 
amounts in water in this general area.

Water having a specific conductance much in excess of 2,000 
micromhos and a percent sodium above 60 would be classed as doubt 
ful to unsuitable for irrigation. Ground water in the report area had 
a specific conductance of more than 2,000 micromhos in all 12 samples 
and a percent sodium of more than 60 in 4 samples. Therefore, be 
cause of a high specific conductance or high percent sodium, or both, 
ground water in the area, insofar as the samples are representative, is 
classed as doubtful to unsuitable for irrigation.

Water in the upper reaches of the North and South Forks of Owl 
Creek is classed as excellent for irrigation by the method of Wilcox. 
During high-flow periods, the water in the downstream reach of Owl 
Creek is rated as good to permissible; however, during low-flow pe 
riods, it is rated as unsuitable for irrigation because of a high content 
of dissolved solids.

As with all other systems for classification of water for irrigation, 
that of Wilcox is largely empirical and assumes average conditions of 
soil, crops, drainage, permeability, and climate. The reader is referred
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to recent studies of the U.S. Salinity Laboratory Staff (1954) for a 
more complete discussion of systems of classifying water for irrigation.

In parts of the report area ground water is used for supplementary 
irrigation (p. 17). If data in table 3 are representative, ground water 
from consolidated rocks should not be used for irrigation because of 
high dissolved solids and high percent sodium; however, some water 
from terrace deposits and alluvium might be classified as safe for sup 
plemental irrigation because, although dissolved solids are relatively 
high, percent sodium is relatively low. Even so, the water from the 
Quaternary deposits would have to be applied under carefully con 
trolled conditions to prevent salinization of soils. Supplementary use 
of these waters probably is better adapted to the upper reaches of the 
basin, where water of good quality from the North and South Forks 
is available for flushing salts from the soils, than to the lower reaches, 
where water from Owl Creek sometimes is highly mineralized.

Releases from Anchor Dam should improve the quality of water 
available to downstream users. Application of the reservoir water to 
the lands is likely to cause changes in the quality of the shallow ground 
water; therefore, periodic studies of the quality of water from selected 
wells should be made to provide data for measuring and evaluating the 
changes.

LOGS OF WELLS AND TEST HOLES

The logs of 19 wells and test holes in the Owl Creek area, including 5 
that were jetted for use as observation wells, are given in table 5. The 
locations of the test holes and wells are shown on plate 1.

TABLE 5. Logs of wells and test holes

Description
Thick 
ness 
(feet)

Depth 
(feet)

Well 10

[Drilled. SWJ^SWJ^ sec 10, T. 8N., R. 4 E.]

 Quaternary: 
Alluvium:

Cretaceous: 
Frontier formation:

32
6

23

32 
38

61

Well 11
[Jetted. SWJ^SEM sec. 10, T. 8 N., R. 4 E.]

Quaternary: 
Alluvium: 

Clay..  . __ ...........
Clay, tight. _________

10 
3 
1.4

10 
13 
14.4

Description
Thick 
ness 
(feet)

Depth 
(feet)

Test hole 1

[Jetted. SEMSWJ4 sec. 36, T. 9 N., R. 1 E.]

Quaternary: 
Alluvium:

7.5 
4.2

7.5 
11.7

Test hole 2
[Drilled 1954. SEJiSWJi sec. 33, T. 9 N., R. 2 E. 

Depth to water below land surface, 14 feet]

Quaternary: 
Alluvium:

Cretaceous: 
Cody shale: 

Shale.......           

20 
12

13

20 
32

45
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TABLE 5. Logs of wetts and test holes Continued

Description
Thick 
ness 
(feet)

Depth 
(feet)

Well 32

[Jetted. NEJiNEJi sec. 35, T. 9 N., R. 2 E.]

Quaternary: 
Alluvium:

Clay.................. ...... 11 
1.6

ll 
12.6

Well 37 

[Drilled. NEJtfSEJi sec. 5, T. 43 N., R. 94 W.]

Quaternary: 
Alluvium: 

Soil.... ........... ......... .
Gravel, with water (cased

Off) .                  
Cretaceous: 

Cody shale: 
Shale, blue; contains soft 

water in a zone of fractur 
ing at 27 to 29 feet; water 
rises to 9 feet below land

7 

14

9

7 

21

30

Test hole 3

[Jetted. NEMSEJ4 sec. 7, T. 43 N., R. 94 W.]

Quaternary: 
Terrace deposits: 

Soil..........  ............

Sand. ____ -_-. ____ .. .
Gravel ___________

3 
2 
3 
5.6

3 
5 
8 

13.6

Well 60

[Drilled. NEMNWM sec. 21, T. 43 N., R. 95 W.]

Quaternary: 
Alluvium: 

Soil   ..... ..... ..........
Gravel ___________

Triassic: 
Chugwater formation:

Sandstone, coarse, hard.. ... 
Red beds __________

15 
18

22 
6 
6 
5 

12.3

15 
33

55 
61 
67 
72 
84.3

Description
Thick 
ness 
(feet)

Depth 
(feet)

Test hole 4
[Drilled 1954. NWJ^SWJ* sec. 8, T. 43 N., R. 96 W. 

Depth to water below land surface, 5.50 feet]

Quaternary: 
Terrace deposits: 

Clay   ....... .   ...
Gravel __ .. __ .. __ ... 
Clay..   .     .      

3 
9 
9

3 
12
21

Test hole 5
[Drilled 1954. SWJiSWJi sec. 8, T. 43 N., R. 96 W. 

Depth to water below land surface, 5.70 feet]

Quaternary: 
Terrace deposits: 

Clay    ..... .... .... .... 6 
22 
3

6 
28 
31

Well 66
[Drilled. NWJ^SEM sec. 13, T. 43 N., R. 96 W.]

Quaternary: 
Alluvium: 

Soil   _ ... ..... ..... .....

Cretaceous: 
Mowry and Thermopolis shales: 

Shale; lower 3 feet is sandy-

15 
20

17

15 
35

52

Unnumbered test holes
[Drilled 1954. Site of well 69, NWJ^NWJ^NWJ^ 

sec. 17, T. 43 N., R. 96 W. Depth to water below 
land surface, 9 feet]

Quaternary: 
Terrace deposits: 

Soil    .... .....    ...... 7 
25 

2 
6

7 
32 
34 
40

Unnumbered test hole
[Drilled 1954. Site of well 71, NWJiNWJi sec. 17, 

T. 43 N., R. 96 W. Depth to water below land 
surface, 8 feet]

Quaternary: 
Terrace deposits: 

Soil  ....... ... ........ .... 7 
26

7 
33

Well 62

[Jetted. SWMSWJ4 sec. 7, T. 43 N., R. 96 W.]

Unnumbered test hole
[Drilled. Site of well 73, NW^NEJ^ sec. 18, T. 

43 N., R. 96 W. Depth to water below land 
surface, 11.5 feet]

Quaternary: 
Terrace deposits:

4

8.3

4

12.3

Quaternary: 
Terrace deposits: 

Clay........  ......... .... 9
30

2

9
39
41
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Description
Thick 
ness 
(feet)

Depth 
(feet)

Test hole 6
[Drilled. NEJiNWJ* sec. 18, T. 43 N., E. 96 W.]

Quaternary: 
Terrace deposits: 

Soil.........................
Gravel..   .   ........ ....

Cretaceous: 
Cody(?) shale: 

Shale, yellow.. ..............

8 
12

15 
5

8 
20

35 
40

Test hole 7
[Drilled. SEJ^SEJi sec. 31, T. 44 N., B. 94 W. 

Depth to water below land surface, 6.3 feet]

Quaternary: 
Alluvium: 

Soil, clayey __   ____ ..
Sand, fine and silt; contains

Sand, fine to coarse; contains

Cretaceous: 
Cody shale: 

Shale, black.. __ . ____ .

9 

5

3 
3

12

9 

14

17 
20

32

Description
Thick 
ness 
(feet)

Depth 
(feet)

Test hole 8
[Drilled. SWJtfNEJi sec. 32, T. 44 N., B. 94 W.]

Quaternary: 
Alluvium:

Soil, silty....     .........

Sand, medium to coarse, 
dark-gray .................

Sand, coarse; contains some

10 
6
6 

8

10 
16

22 

30

Test hole 9

[Drilled. NWJ^SWJi sec. 32, T. 44 N., B. 94 W. 
Depth to water below land surface, 11.0 feet]

Quaternary: 
Alluvium: 

Soil....  ..................
Clay, brown; contains some 

silt.... _ . ____ . __ -
Cretaceous: 

Cody shale: 
Shale, clayey, dark-brown ...

2 

17

15

2 

19

34

RECORDS OF WELLS

Information pertaining to the wells inventoried in the Owl Creek 
area is tabulated in table 6. The well numbers shown in table 6 cor 
respond to those on plate 1 and in table 3.
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